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A mplifier

7 7
1 ube
Type C-301-A List Price $9.00

The most efficient vacuum tube ever placed on
the market for amateur and experimental use.
The engineers of the General Electric research
laboratories have at last succeeded in perfecting
a tube that every owner of a radio set has been
waiting for.

TFilament potential 5 volis
Filament current .25 amp.
Plate potential 20 to 100 volts

Plate impedance
A
) '1 5,000 ohms P : A > _ .
Amplification o1t Pawosx A svse]  ~ 1
constant 6.5 N . ;

HIS new and improved Cunningham C-301-A Amplifier is a high vacuum tube designed for use as an
amplifier and detector, containing a new Tungsten Filament, the characteristics of which are long
life, low power consumption, low operating temperature and greater power amplification than any

previous amplifier tube. The tube has a standard four prong base, and the glass bulb has the same
dimensions as the C-300 and the C-301.

The greatly reduced filament current permits the use of four of these tubes without exhausting the
A battery any faster than when using one of the previous type of amplifier tubes.

Complete instructions for the care and efficient operation of this new Amplifier Tube are packed with
every tube. “,

%
oL

Insert a C-301-A in your amplifier set today. Note the improved quality and increased audibility.

The Cunningham Technical Bureau is at your Service. Address your problems to Dept. R

24.8 First Street 154 W. Lake Street
San Francisco, California Chicago, Illinois

—
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mall Current—Big Job!

Care in Selecting Your
“B* Battery Cures a Whole
Flock of Static Troubles

LOT of radio bugs are missing a good bet when

they fail to give the proper attention to the “B”
Battery that supplies current to the plate circuit

of the vacuum tube. In a good many cases—and

this applies to the seasoned enthusiast as well as the newest
novice in the ranks—it is wrongly set down that since this
current is so exceedingly small it cannot be very important.

Nothing could more completely misrepresent the facts.
True enough, the current supplied by the “B” Battery to
the plate circuit is small but _1t is prec1se!y for that rea- The Willsed Radip “5" Bottery s 8 S4volt rechargeable
son that even the slightest variations or disturbances are battery,  Glass jars— Threaded Rubber Insulation—
| screwed-on Zovers.
to be so carefully avoided.

In thinking of “B” batteries keep this in mind: The
current from these batteries goes directly into the fine
windings of the coils of your phones. Therefore even the
slightest disturbance or unbalancing of the battery is trans-
lated directly into notse.

Obviously the reason for carefully soldered connec-
tions, loop aerials, short leads and the elimination of use-
less wires is to d& away with noise just as far as possible.
The same reason should dictate the careful selection of
“B” batteries. It hardly pays to go to a great deal of
trouble in taking the usual steps to eliminate static unless
you also pick out a battery that is frec from the hissing,
sputtering and frying noises that are so often confused
with static and that in common with static noises are mul-
tiplied six or seven times with each stage of amplification.

B X

The Willard 6-volt, All-Rubber Radic “A” Battery has
one-piece rubber case—Threaded Rubber Insulation—
special Radio plates

A “B” battery that is completely in accord with the
efforts of manufacturers of sets to do away with static
disturbances is known as the Willard “B” Battery. This
battery consists of a group of twelve glass-jar cells, as-
sembled in oak cases and connected with heavy burned-on
connectors. Due to the distance between jars, electrical
leakage from one jar to the next is practically impossible.
As each of the cells has Willard Threaded Rubber Insula-
tion between the plates there is no opportunity for leakage
from plate to plate.

It is said by those who have carefully examined the
construction of the Willard Radio “B” Battery that, in
addition to its ability to give results without distracting
noises, it will last—if not a lifetime—at least such a long
period that it will show a material money saving long
before it begins to exhibit even the slightest sign of age.

AN

gl‘;\%ne‘%ak’igard 1‘lnwerlpriced I%adio “A” Battery (Typ@
] . —Willard-quality plates—selected d separators-
Willard Storage Battery Co., Cleveland, O. tested rubber jors, ssecllydesigned terminals,
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'hen the Chemist

I

= 1

AN and beast react with electric
M speed to a warning of danger,

if the alarm is immediate and
personal. Self-preservation is the first
law of Nature. Yet subtle perils far
more disastrous than any we expect to
meet lurk in the shadow of our fan-
cied security. They are the dreaded
ogres of Famine and Disease.

A few years ago the world faced a
famine more terrible than any in his-
tory. Nitrates, the most essgential ma-
terials for enriching the soil, were be-
ing rapidly exhausted, and universal
starvation seemed inevitable. Everyone
knows that plants must feed, and if the ground
is not replenished with the chemicals they have
consumed, vegetation will eventually die out.
Nature’s way of making up the deficit is too
slow for our concentrated population, and
farmers have resorted to artificial fertilizers
for ages. Europeans, always more receptive to
the teachings of Chemistry than we, raise
more than twice as much grain per acre as
Americans, owing to their greater use of fer-
tilizing chemicals.

The principal substance used for this
purpose is sodium nitrate, better known as
Chile saltpetre, because of the large deposits
of it in that country. Millions of tons of thia
precious chemical were being mined annually,
for vast quantities are consumed in making
explosives and in other industries, besides that
required for agriculture. Chile kept getting
richer, but her nitrate beds got continually
poorer until their inevitable exhaustion became
a grisly prospect. And there was no other
source of supply!

It was here that electro-chemists
stepped in and devised a way of making nitrates
from the air! They stole a trick from Nature,
using an artificial bolt of lightning, the electric
arc, to change the nitrogen and oxygen into
nitric acid. This is indeed what happens dur-
ing a thunder-storm, though to a very slight
extent. Other methods followed, and thanks to
Chemistry the air-made nitrates can now be
sold for less than the saltpetre of Chile. Better
gtill, the supply is unlimited.

Today we are confronted with sim-
ilar crises. There are impending shortages of
other important raw materials. Yet so great is
the general confidence in chemistry to solve
such problems, little anxiety is felt. A wealth
of opportunity awaits the chemist of the pres-
ent, particularly in the fascinating field of
Electro-chemistry. In many industries there are
hundreds of chemists employed by a single
company. Thousands of concerns have chem-
ists supervising the quality of their output and
of the materials they buy. In countless capacie
ties a knowledge of Chemistry is essential.

Chemical Institute of New York, Inc.

Home Extension Division 3
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You Can Learn Chemistry at Home
br. T.0’Coner Sioane Will Teachh You

Dr. Sloane, Educational Director of the Chemical Institute of New York, is one of this
country’s foremost authorities on chemistry., He was formerly Treasurer of the American
Chemical Society and is a practical chemist with many well-known achievements to his credit.
Not only has Dr. Sloane taught chemistry for years, but he was for a long while engaged in
commercial chemistry work.

The Chemical Institute of New York was originally founded to fil! a long-felt need in the
Educational field. Thousands of young men znd young women, realizing the wonderful oppor-
tunities for the chemist produced by the recent war and the assumption by the United States of
world leadership, were keenly anxious to enter this promising field. Many of these prospective
students, however, were unable to give up their regular occupations to devote the necessary time
to their training. Correspondence study at home was the only solution.

Dr. Sloane will teach you Chemistry in a practical and intensely interesting way. Our home
study course written by Dr. Sloane himself is thorough, logical and remarkably fascinating. It is
illustrated by so many experiments that are performed right from the start that anyone, no mat-
ter how little education he may have, ean thoroughly understand every lesson. Dr. Sloane teaches
you in your own home with the same individual and painstaking care with which he has already
taught thousands in the class room.

The Personal Help of Dr. Sloane

Dr. Sloane will personally examine and correct all of your examination papers, pointing out
your mistakes and correcting them for you. He will, in addition, give you any individual help
you might need in your studies. This personal training will be of inestimable value to you in
your future career.

Easy Monthly
Payments

You ecan pay in small monthly amounts as
you go along. The price of our course is very
reasonable, and includes everything. There are
no textbooks to buy extra, and the chemicals 4
and apparatus used for experiments are sup-
plied to the student without additional charge.
Our plan places an education in chemistry A
within the reach of everyone. o

Experimental Equip- :
ment

Given to Every Student With-
out Additional Charge

‘We prepay even the shipping charges on
the outfit. It comprises 42 pieces of appa-
ratus and 17 chemicals and reagents. The
fitted, heavy wooden case serves not only as
a carrying case, but also as a laboratory
accessory for performing experiments.

SpeCial 3@-Day @ﬁer E " Please send me at once without any obliga=

. a N on on my part, your free Book *Opportuni-
For a short period we are makl;]l_gl‘ & specxl::ﬂ l ties for Chemists,”” and full particulars about
offer that will be worth your w b Yo ltake the Experimental Equipment furnished to
fg:t’é%%g:n félogzgesifxggl;f pf:se;l gaoi(é u,i‘l}':f: I every student. Also_please tell me about your
will not obligate you in the least. Do not wait plan of payment and your special 30 day offer.
until tomorrow. Send the coupon now while
you think of it, and let us tell you our story.

O S M AU N W ANEER AN SN N SN S SR

CHEMICAL INSTITUTE OF NEW YORK, Inc.
Home Extension Division 3
E 140.R Liberty St., New York City.

 NAMB.....coovmurrrersannonossanescasoenes
B ADDRESS..ceeeerienrrrurensssasorssasannnns
L GIrT coveiiieicieeeeveseereennennnerannnanne

! STATEcecasets0000ss00s0sssosssssessssssssoce

i R.N., 3-23,

140-R Liberty Street, New York City
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HERE 7s a RECORD

The remarkable results achieved with Crosley Radio Instru-

SEBRING,FLA.

Crosley Model VI Portable

ments are equaled only by their exceptionally low cost. A man A new departure for those desiring
in Sebring, Fla. listening in with a Crosley Model X—oprice to carry receiving outfits with them,
only $55 for this 4 tube set—writes: “We are receiving from A 1% volt tube set that eliminates
all standard stations north, east and west—from Winnipeg, necessity of expensive “A” battery.
Can., New York City, Seattle, Wash., and one night received Consists of detector and one stage of
three selections and two announcements from KDY X at Hono- tuned radio frequency amplification.
lulu.” - : Price, without batteries, tubes and

phones .................. $40.00

The secret to Crosley efficiency as “well as Crosley prices is our
thorough knowledge of wireless applied practically to the quan-
tity production of simplified receiving sets and parts.

A few of our models illustrated herewith give an idea of Crosley

value. :
| Crosley Receiver Model VI

A wonderful set at a wonderful price. Combines one stage
of tuned radio frequency with a tuner and audion detector.
Price, without bulbs, batteries or phones. ............ $28.00

Crosley Receiv,er;( Model VIII

A new set offering exceptionzl value. Contains one stage
of tuned radio frequency amplification, detector and one
stage of audio frequency amplification. Also offered as a
portable instrument using 14 volt tube. Price, without bat-
teries, tubes and phones, Regular Model VIII $48.00, Model
VIII Portable $60.00. ’

Crosley Receiver Model X

The most complete receiving set on the market. A 4 tube set consist-
ing of one stage of tuned radio frequency, detector, and two stages
of audio frequency amplification. It was on this instrument that
Sebring, Fla. heard Honolulu. Price, without batteries, tubes and
phones $55.00.

We also manufacture complete parts for those'who wish to build their own outfits. Below are illustrated a few of
these. Illustrated booklet entitled “How to Build Your Own Radio Set using Crosley Parts” will be sent upon re-
ceipt of Sc. ;

- CROSLEY MANUFACTURING CO.

CINCINNATI, OHIO

Socket Adapter with-
bushings and screws
70c. Without, 60c.
Makes it possible to

V-T Socket use 1% volt tubes in .
40¢ Crosley Sets. Rheostat S0c. Cresley Condenser—Model C

v
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EROSLEY
FOR BEAUTY * RADID APPARATUS

Crosley Cabinet Models Are Incomparable Bef{eﬁ
To ting he plesursand wetloes o ndio o v bove - CpSTS-L €SS

desire of many. To meet this desire Crosley Receiver Models 1 )

. aking distance
XX and XXV have been evolved. Designed especially with q}z S
an eye to beauty, these models nevertheless lose none of their

efficiency. The cabinets are staunch in structure All parts are easily accessable to the operator.
Music received on either of the instruments will be clearly heard throughout a large room.

records everywhere

View one of these models—then listen in on it.

You will immediately want one.

Crosley Receiver Model XX

The last word in beauty and efficiency. Consists of Tuner,
one stage of tuned Radio Frequency Amplification, Audion
Detector and two stages of Audio Frequency Amplification.
Easily tuned to true accuracy. One of these outfits with an
indoor antennae filled the largest auditorium in Cincinnati
with messages from Fort Worth, Texas, Schenectady, N. Y.
and other distant points. A pamphlet more fully explaining
the details of this marvelous instrument will be sent on re-
quest. '

"Price without tubes, batteries, phones and loud speaker
‘ $100.00

Crosley Receiver Model XXV

A real addition to any room

The receiving set itself is the same as Model X pictured on the oppo-
site page. The cabinet is of extremely beautiful design and very strong.
The lid is hinged and when raised allows easy accessibility to every part
of the receiving apparatus. The upper and lower doors are also hinged.
Directly below the receiver is a highly finished board that may be pulled
out thus forming a desk for the person operating the instrument.

Price without tubes, batteries and phones .................. $150.00

CROSLEY MANUFACTURING CO.

ALFRED STREET CINCINNATI, OHIO

Crosley R.F. T. A.

L™ ﬂﬂg%ﬁ' (# *-}Z_ This unit can be used with practically any type of audion detector outfit. It is
ret o Wi a feature of all our larger units. The R. F. T. A. not only amplifies the sig-
nals before they reach the detector, enabling it to work more efficiently, but also
makes sharper tuning possible and eliminates interference to a wonderful degree.

' Wil add at least six times the volume and range. '

Price without tube .. ... ... .. ... .. .. $12.00
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“WorkRite”
CONCERTOLAS

THE BIG HIT IN LOUD SPEAKERS!

Let the whole family and friends enjoy the wonderful concerts,

"lectures, and other entertainment which is free for the taking.
-Attach a WorkRite Concertola to your set the same as a head

phone. Requires no extra batteries. WORKS ONLY ON

'TUBE SETS WITH TWO STEP AMPLIFICATION. These

loud speakers are different from others. There is no metal in
them, which eliminates the tinny sounds of others. Reproduces
voice or music in a clear, loud tone without distortion. Just
right for home use. BOTH THE CONCERTOLA SR. AND
JR. COME COMPLETE WITH OUR SPECIAL PHONE

Jr. Concertola $12.00

Here is a Rheostat with un-
limited adjustments. Push-
ing the knob in or out gives
quick adjustment. Turning
the knob around gives the
most minute adjustment.
Often turning the knob
1/32" will clear up a concert
or separate two stations.
You must use a WorkRite
Rheostat to realize how
much more efficient it will
make ANY set.
Equip your
ference!

UNIT AND CORD.

FREE TRIAL!

WORKRITE Super Vernisr RHEOSTAT

Indispensable for the detector tube.
set with a “WorkRite” and note the dif-

PRICE ...... . $1.50

ORDER NOW AND DOUBLE THE
PLEASURE OF RADIO IN YOUR HOME.

Sr. Concertola $24.00

Upon rgceipt of the price, you will be furnished with either
the Junior or Senior, charges prepaid.
tory, you may return it and your money will be refunded.

If not found satisfac-

WORKRITE E-Z-TUNE DIAL

When you want to get very fine
adjustment on your vario-
meters, variocouplers, conden-
sers, etc.,, you always grasp
your dial on the outer edge for
more leverage. Right there is
where you will find a knurled
flange that just fits your grasp
on the WorkRite E-Z-Tune
Dial. You can easily make a
turn of a hair’s breadth.

Made of the finest material, highly
polished. [Easily the “snappiest” dial

on the market. 314” diameter, Spec-
ify whether 3-16” or %4’ shaft.

PRICE ................... 75¢

“WorkRite Products WorkRite

99Do not accept any substitute.
does not handle them, send check and we will see
that you get them promptly by mail prepaid.

If your dealer

THE WORKRITE MFG. CO.

2204 S. Michigan Ave.

( BRANCH OFFICE )
Chicago, I1l.

5501 Euclid Ave., Cleveland, O., U. S. A.

{
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“WorkRite”
EDUCES PRICES

NOW

$3 EACH

Last Spring
they sold

WorkRite 1 soop each WorkRite 180°

Super Variomoter Super Variocoupler

The “WorkRite” Variometer is made from the The “WorkRite” Variocoupler is being used the
world over because it represents the last word ina
coupler. Tunes twice as sharp as the ordinary 90
instrument. Brass parts niCkeled. Slxty wire degree Coupler. Made from polished Formica.
Sixty wire turns on primary, forty-five on sec-
ondary. Bcth wound with green silk. Twelve
taps. Double springs at each connection. There
Variometer both technically and mechanically. " is no better on the market at ANY price.

THE FAMOUS “WORKRITE TUNER TEAM”

Two WorkRite Variometers and one WorkRite Variocoupler make a Tuner Team that cannot be beat

finest quality mahogany, oil rubbed—a beautiful

turns on stator and sixty on rotor. Rotor wound

with green sikk. No shellac used. A perfect

for selectivity and long distance records. Concerts have been heard across the entire continent with

them. Local concerts can be tuned out usually and long distance brought in.

PRICE.: Due to our enormous production, we have been able to reduce prices gradually from $6 each
down to the present price of $3.50.  You have long wanted to build a high grade set with WorkRite

Products—now is your chance at prices that will probably never be lower. Order yours now!

THE WORKRITE MFG. CO. (204", Michizan Ave.)

Chicago, Ill.
5501 Euclid Ave., Cleveland, O., U. S. A.

wWWwWWw.americanradiohistorv.com


www.americanradiohistory.com

1610

Radio News jor March, 1923

Ask an

Money refunded if goods do not satisfy

“BUILD YOUR OWN" WITH “RASCO” FARTS!

HY Radio Specialty Company—*RASCO" for short—now in its third year,
if not in the whole world. This Company makes a specialty of very small
is simple: 80% of our orders are small.
The reputation of this house was built upon serv:ce.
.sands upon thousands of unsolicited testimonials are in our file
sure to get our great 68-page catalog, containing over 500 different parts.

Order direct from this page. All goods sent prepaid in 24 hours. We pay all tfransportation charges.

, is unquestionably the most unique radio parts supply house in the
orders. No order is too small to get immediate and prompt attention.

of your radio acquaintances what they think of “RASCO” service, “RASCO"
s, to prove that we serve the public as it has never been served in radio merchandise before.
Catalog contains over 300 illustrations.

United States,
The reason

Thou-
Be

promptness.

RADID FREQUENCY
TRANSFORMERS
The best Rgdio Frequency
Transformer developed o
far., Designed for us by

clate Editor of RADIO
NEWS. For wavelengths o
420 to 420 meters.

core. Guaranteed to
the work. This Trans-
former brings in the long

dlstances.
R-2800 Radio Fre-
quency Tramrormeré

u
slze 1%"x2%"
VACUUM TUBE
SOCKET

2.00

Made entirely of compo-
sition. Gives no rise to
capacity effects, as metal
sockets do. Positive con-
tacts,

R-6500, Vacuum Tube
Rocket ........e.... $.35

ANTENNA CONNECTOR

Muade cntirely of aluminum.
Wil not rust. 'The four wires
go to upper holes. Lower hoie
takes lead-in. Don’t solder
your ae;al:':'l. h}l)lmenslons. 2
high, 1 wide.

R-999, Antenna Connector $.30

MOULDED DIALS

Highest krade made. Rrllliant
bluck  composition.  Figures &
inlaid in white enamel. For
137 or 3/167

R-3074. Diul, ....$.55
R-3075. Dial, .65

R-3076. Dial 37:"”....... .
FLUTED KNOBS

Made of best black composition,

provided with 8/32% bu'shlnz.

8 Height 17, Diameter 1%"”.

F R-2055 Fluted Knob...... $.15

“RASCO'" POSTS

R-650, Post made entirely of
best black comnosmon—slazg 0

serew—each ..o i.iiieieen. X
R-202. Post has nickel-plated
bottom part, each.......... .08
Dozen, each style .......... .90

650

RASCO SWITCH POINTS

Nickel-plated and poiished. The foliowing have

been found the most popular,

£, %”x%4", 6/32” thread, doz...... $.35

2, high, %” dia,

thread, doz. .........e... tesesiens o

3, :;/18":3/16". 4-36 thread, doz... .

4, %’ dia., %” thick; shank 6/327

A I I .

5. %" dia., 3/16” thick; shank 4-36, doz. .
6, 3/16” dia., 3/16” thick; shank 4-36, doz. ,40
7, 3/16” dia., %" thick; shank 4-36, doz. .
75, Switch Stop %" long, 4-36 thread, com-
plete with nut, each .................... d
76, New style Switch Point, to be pressed

202

into bakelite panels with forced fit. Wire
Is soldered to pin end. Head Y%” dia.,
1/16” thick, doz. .. 40

77, same as above,
X 3/16" thick, doz. .
SOCKETTES
Substitute for Vacuum Tube Socket.
Four of these take one Vacuum Tube.
Grasp tube firmly. Best contact pos-

sible. Take less room. Are better.
R-1550, Sockettes, nickelrd, sget

(¢ A3 56600000000000000000000 00000 S.
R-1551 Sockettes, nickeled, set

of 4 (to take WD-11 Tube) ...... .25
Note: Set of 4 sufficient to hold 1 Tube.

E VACUUM TUBE FUSES

Insure your tubes against blow
R-2575. Fuse, 1 ampere...,

outs,
R-2576, Fuse, 1% ampere .
R-2577. Fuse, 2 ampere

UNIVERSAL BEARING
THE bearing tohold variometer
and variocoupler rotors. Total

'0f

length of bearing 234”. Outside shaft, 1%4”.

Length of thread 1”. Length of threaded sleeve,
"

R-1375, Bearifng «.oeouvvrnnenneaannnnns, $.25

.............. $.15
.15

AUDID FREQUENCY TRANSFORMERS

No better Transformer on
the market. Highest class
materials, Impregnated
coils. Silicon steel stamp-
Ings uged. Save 30 per
cent by assembling  ft
Yourself.

R-1100, A.F. Trans-
former, ratio 4% to

1 ....82

R-1150, "4, ans-
# former, ratic 6% to
1 2,

HONEYCOMB COILS

No better rolls on the market.
Too well known for lengthy des

cription.  Firm impregnation.
Range given is In_meters when
varied with a .001 Varlable Con-
denser:

No. Turns Range Price
R-5000 25 120- 250 $ .40
-5004 35 175- 45 45
-5002 50 240- 72 .50
-5003 75 390- 81 .55
-5004 100 500- 145 .60
-5005 150 600- 200 .65
-5006 200 900- 230 .75
-5007 250 1200- 350 .80
-5008 300 1500- 450! 85
-5009 400 2000- 500 1.00
-5010 500 2800- 610 1.15
-5011 600 4000-1000 .30
5 I§ 750 5000-1200 1.45
-501 1000 7900-1500 1.70
-5014 1250 98750-1950 1.95
R-5015 1500 1450026501 2.20
CORD TIP JACKS

Take the place of binding posis
on Instruments or panel. Cord
tip firmly gripped by jack. Made
of brass, highly nickel-plated
and polished. Screw to sattach

lead wire. No soldering necessary.
R-1500, Cozd Tip Jack, each.......... $.15

CARDBOARD TUBING
Only seamless tublng made in
United States. Perfectly sea-
soned. Heavy wall. (I.D.—In-
side Diameter. 0.D.—Outside
Diameter. L.—Length).

R-6600, 3” 1.D., 3%” O.D. x 7
R-6601, 3%~ I.D., 3%”
R-6602, 3% " I.D.

‘RASCO’” BABY DETECTOR

1sase is solld black compo-
sition; mounted on same is
nickel holder and binding
post, which holds the fluted
ha rubber knob with its
sliding rod member. Pat-

ent nickel detector cup and binding post. Fat-

ent cup holds erystal.

R-1898, Babs Detector, with Galena ..... $.50

“RASCO” LUBRICATED

PANEL SWITCH

Our patent spring fork holds

the switch handle always at

a uniform tension. At the

same time it insures best

contact possible. New wip-

ing contact covers every portion of the switch

point. Double leaf blades used.

21, “Rasco’” Bwitch ............... $.40

PANEL SWITCH LEVER
Imposible for this lever not
to make positive contact. Leg
radius 1%”. Nickel-plated and
polished. Lock fork holds the
screw (In which it rotates) se-
curely. Loose contact impossible.
R-200, Switch Lever ..........
“‘RASCO” NAME PLATES
The circular plate is our
new DBinding Post Name
Plate. Diameter, %"”. The:
cécnom}natlms 8

N.
A’ %ATTERY

0F; T
AMENT.
R-6000 to 6019, Binding
Post Nzme Plates, eschs 0

denomination
Dozen

Square Name Plates

Same denominations as above zlso these:SERIES
1st STEP, 2nd STEP, 3rd STEP, SECONDARY
CONDENSER, TELEPHONE, SECONDARY,
DETECTOR, TRANSMIT, GRID VARIO:
METER, PARALLEL, COUPLING,
MARY, LOADING COIL, RECEIVE, AN-
TENNA, PLATE VARIOMTER, ““BLANK”,
AUDION, ON, OFF.

Square Name Plates, each..s.%
CURREN' (Right)

R-834 to 866,
D
“INCREASE CURRE (Left)

R-840
Each

MICANITE TUBING
| Especially suitable for CW work
Nothing better made. Natural
color.

R-250, Micanlte Tubing,
4” dis., 6” I3 ogaeoqona

0 on.
R-25(, Mieanite Tubing,
6” dia., 8" long

JACKS AND PLUGS
Best material. Only pure sil-
ver contacts used. Factory that
makes Postal Telegraph jacks makes these.
This 1s your guarantee.

R-1000, Jack, 4-springs
double circuit $ .75

R-1001, Jack,
R-1002, Auromatic 5-spring Jack
R-1003. Plug

BUS BAR WIRE

TR BT
This wire 13 square, measuring 1/16” by 1/16”.
Easy to solder as it is already uinned. TUsed
on all up-to-date Instruments. Sold in 2-foot
lenfths only

R-6400 Bus Bar Wire, per 2-foot length..$.05
NON-INDUCTIVE RESISTANCE

Made of special graphite

Round rods i diameter,

tance accurate within 20 per cent.

R-5300 Reuistance 12,000 ohms.
R-5301, Resistance 70,000 ohms.

Resis-

BRASS RODS

lengths only
Brass

thread,

Bold in 8~
R-8032,
8/32”
length
Brass Rod, 6/32”
length .... ....... o0

ng
R-3616 Bross Rod, plain 3/ h

per length: ... . it i iiieeea. .06

VERNIER

gy Cleverest vernier made.
i Can be used with any dial.
Soft rubber ring engages
dial.  Does away with
vernier condenser. We
guarantee results. All metal parts moulded
in best black composition. Nothing to come
apart. BigZest hit of the season.

R-1450, Vernler .......coceeveeenn. 0e...8.30

“RASCO"
Q-5 8

CONDENSERS =
R-5050, Phone Condensers, each
R-5056, Grid Condensers, each..... g
R-5059, Grid Leak Condensers, each ...... .

COPPER FOIL
Thinnest copber foll made, .001”
” wid

thick. Comes 4 e,
R-5025, Coper Foil, per ft. $.10
10-ft. length ......... ». .80

RADIO CEMENT

Weather resisting. TUsed particu-
larly for cementing covered wires.
Cofls covered with this cement re- J
quire no form. Wires hold together
solely,_with this cement.

R-1750, Cement, 2-0z. bottle  $.50
TELEPHONE

SHELL AND CAP

For the experiment-

or we 1ist this comn-
position shell and cap. No holes in shell what-

soever. Takes standard 2%” diaphragm.
R-2700, Shell-and-Cap, combplete ......... $.65
R-2701, Shell only ..................... 40

MICA DIAPHRAGMS
Made of srscial India mica in two!
sizes, 214 diameter and 1-13/16”
diameter. Excellent for experimentation in
telephone_work.
R-2550. Diaphragm, 2%” ..$.20
R-2551, Diaphragm, 1-13/16” .... .18

BY US. A trial order will make
“WE CAN ONLY DISAPPOIN
include delivery to your door.

ou a life customer.
YOU ONCE.”

This business was originated with the sole idea_in mind (o cater to the radio
OF OUR ORDERS ARE SMALL. THAT IS WHE

amateur who has small orders. ALL

Y YOUR SMALL ORDER CAN NEVER BE SIDE-TRACKED
Order from the above illustrations.
Try us with a 50c. order and make us

24-hour service guaranteed.
prove what we sav. Prices

98 Park Place, New York City

Oldest and Original Exclusive
Radioc Parts House in U. S.

Factories: Brooklyn, N. Y. — Elkridge, Md.

DEALERS

Get Our Special
Proposition

HEURERII T T,

4 sistance, each (200 ohms) .. .35
BLADE WITH COLLAR
¢ Fits above.
R-1675, each cvveeeecnnn... $.10

The rollowiém corﬂzeoon 4-ounce spools:

RHEOSTAT WINDINGS
These windings, with the switch
arm shown below, constitute a
complete rheostat for the experi-
menter. Resistance wound on
flexible black fibre. Carries 1%
amberes, resistance ¢ ohms.
R-4300, Rheostat Reslstunce

Potentlometer

MAGNET WIRE
We list only best qualities.
“DCC’ means Double Cotton
Covered.  ““GS’’ means Green
Sill. “E’’ stands for Enameled.
The following come on §-ounce
spools :

R-2500, DCC No.
R-2501, DCC No.
R-2502, DCC No.

0.

18..
20
22
24..
26..

DCC No. 2
R-2506. DCC No. 30

No.

LiTZ WIRE
fR-323. equals No. 25 B&S, per

oot b
= R-890, equais No. 28 B&S. per
foot

foot .... o 90
Dlscoul_lts of 10 per cent in 100-fi

The *““Rasco” Catalog I

CONTAINS 75 VACUUM YUBE HOOK-
UPS, 300 ILLUSTRATIONS
500 ARTICLES, 88 PAGES
(ANl Armstrong
Circuits:  These
important circuits
are explained
clearly, ait values
having been given
leaving out noth-
ing that could
puzzle you.

Just to name a
few of the Vac-
uum Tube eir-
cuits: The V.T.
as & detector angj
one-step ampliti-
er ; Armstrong
circuits; one-step

quency ambplifier:
lr(\]ductgneﬁly co;wl-
edamblifier; Armstrong superautodyne;radio
frequency amplifier and crystal detector: com-
bination V.T. detector one stage amplifie
two stage radio frequency amplifier and d
tector with feedback coupling (r Ive) ;
regenerative receiver, using single spider
web coll; Armstrong super-regenerative eir-
cult; two stage radio frequency amplifier
coupled to a two-cireult tuner, using two-
slide tuner regenerative receiver; two stage
audio-frequency amplifier, using crystal or
V..T; one stage radio frequency detector,
two stages audio-frequency with. feed-back
coupling to first tube; power amplifier with
loud speaker; regenerative receiver and
one stage amplifier for DX woal‘x; one stage
feed-back
coupling; three stages radio frequency, two
stages audio-frequency loop reception :-erys-
tal detector with rectification; one tube su-
per-regenerative receiver; short wave regen-
erative receiver with two variocouplers, ca-
pacity-coupled tuner; trap ecireuit to elim-
Inate interference; selective eireuit to elim-
inate interference The catalog contalns
(‘3022 il'ustnti:nbs, di(){l lgccount of its great
. 1t cannot be distributed free of charge.
Matled only upon recelpt of ¢

15 Cents in Stamps or Coin.

= o
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Radio’s Greatest Opportunity

came like a tidal wave, and left in its wake the cus-

tomary amount of devastation. Now that the radio

industry is recovering from the slump and is work-

ing hard to set its house in order, our best minds in
the radio field are trying to find new channels for the
radio trade. In some cases they are successful—in the
majority of cases, the success is not so marked.

The first thing a radio manufacturer or dealer will do
is to look for his trade in the big cities. He will secure
all the directories where the radio trade is thickest and
will push this territory for all it is worth. Salesmen galore
are sent out into the large centers, and while they do not
report zero sales as they did last summer, the sales that
are being made at the present time, although fair, are far
from satisfactory.

We have pointed out, before this, some of the funda-
mental reasons why the radio trade slumped. We have
mentioned heretofore that what the radio industry needs
most are goods that will stay sold and that will do the
work. That, however, is only half the story.

In our December, 1922, issue, the writer called attention
to the fact that at the present time about 60 per cent of
" the population has never even heard a radio concert. To
people who live in the large centers this seems like a very
curious statement, but it 1s nevertheless a fact. Draw a
circle on a map with a radius of 25 miles around any
broadcasting station, and within that circle, at the present
time, is located an overwhelmingly large percentage of all
the radio broadcast listeners. Outiside of this circle, Radio
is practically not knowwn. If this statement is not taken
“as a big and evident truth, you may jump upon the next
train and canvass the country yourself. You will be very
much astonished.

Here are a few towns celected at random, which have
been investigated, and which were canvassed carefully
with these results:

“Waterford, Virginia. 40 miles from Washing-
ton, the nearest broadcasting center. Two radio
outfits. Population 500.

“Canton, Pennsylvania. About 200 miles, air-
line, from the Greater New York broadcasting dis-
trict. Six radio outfits, only one of which was in
operation, when investigator was there in October.
Population 3.500.

“Addison, New York. About 125 miles from
Buffalo. Two radio sets when investigator was
there in October. Population about 2,000.

“Kayford, West Virginia, and other coal mining
camps along Cabin Creek. Several thousand
miners and a hundred or more well-paid officials.
Not a radio set in the region. All interested, too,
but nobody had been out there to sell them., About

r I VITE great boom in Radio has come and gome. It

20 miles from Charleston and possibly 200 from
Louisville, Ky.”

Here, then, are four towns, with a total population of
about 8,000 inhabitants and with the magnificent total of
10 radio outfits! The percentage of outfits to the popu-
lation, it will be seen, is microscopic. It is another case
of one-half the world not knowing what the other half is
doing. The conditions, as shown in these four towns, may
be duplicated, ad infinitim, all over the country. In other
words, as far as radio and the country are concerned, the
surface has as yet not been scratched. There are literally
millions of Americans all over the country who are waiting
to be sold, and these same people go without their outfits
simply because the radio industry lacks proper salesman-
ship to establish radio in the small towns and on the farms.

There are, today, few farm houses in rural districts
that do not boast of their phonographs and their pianos.
It is, indeed, a poor farm that does not have both. Now,
if phonographs and pianos can be sold on a farm, why
not radio outfits? Some day radio manufacturers will
wake up to the fact that sending out salesmen into such
territory will bz like sending them into an open gold mine.

If the product is good, and if a demonstration can be
given, a sale czn be made in almost all cases. There is no
district more anxious and willing to have radio outfits than
the rural, for the simple reason that the small town in-
habitant, or the farmer, can not come to the latge city very
frequently for his amusements. Itis comparatively seldom
that he sees a “movie” and much less frequently that he
sees a good show. He does not hear good music, except
on the phonograph, but with radio, tte whole world comes
right into his home. Once he has been introduced to a
set there is hardly a greater radio enthusiast than the
farmer or a small town citizen. Today, however, he is
deprived of the benefits of radio simply because the radio
industry as a whole is chasing butterflies in the large
centers, instead of getting down to brass tacks and pushing
sales where they are easiest and most profitable.

Nor is this all. Once a farmer has been sold an outfit,
he, as a rule, will have become a customer for life, be-
cause he is not going to stop at his first radio outfit. He
will soon need parts. He will also require tubes, new con-
densers, new coils, to reach out, and he will soon become
a radio amateur who knows the code, and who must know
the code to listen to the market reports that are transmitted
in code.

There is no question that radio will have really arrived
when the farming and rural districts have taken up radio
in earnest, but we warn those who are starting out into
this virgin field that enly first class goods will prove a
success. Anything that does not work—any outfit that
has too many controls, and is made for experts only—will
prove a boomerang to the manufacturer and to the entire
industry.- ' : H. GERNSBACK,

1611
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New Develorments in Loud Speaker Horns

TG M

This Novel
Horn, De-
signed To Be
Used With
a Loud
Speaker
Mechanism,
Gives Re-
markable
Results. It
Has Open-
ings On All
Faces and
Has Parti-
tions In
Which Slots

VER since the phonograph was inventec.
there has been a demand for a sound-
reproducing device which would elimi-

nate the distortion of voice and music caused

by the ordinary horn. .

The acoustical devices pictured on our
front cover, and those illustrated on this
page, are the invention of "Mr. Charles
Blieberger, who has spent the past 10 years

in the study of acoustics and in the develop- -

ment of his system of natural sound ampli-
fication. The illustrations show only a few
of the many models made up by Mr. Blie-
berger to test out his theories. :

Mr. Blieberger is an expert musician with
a highly trained musical ear.
of years he specialized in restoring and re-
constructing old Master Cremona violins. It
was because of his fine musical ear and his
consequent dissatisfaction with the repro-
duction of music from phonographs, that led
him to investigate the musical qualities of
horns, and resulted in the perfection of his
inventions.

His first idea was to conduct the sound
from the tone-arm of a phonograph to a
central sound receiving chamber, communi-
cating with other sound developing and
amplifying chambers opening to the outer air,
the object being to allow the various musical
sounds, with their harmonics to freely vi-
brate at their natural periods. The first ex-
perimental device was comparatively large,
being five feet high and two feet square, con-
taining a series of five major sound cham-
bers, and a large number of smaller com-
partments, This device reproduced a very
fine quality of music, the character ¢f which
could be compared with that of a ‘Pipe or-
‘gan. The instrument reproduced many of
the overtones or harmonics, which gave all
musical instruments their characteristic tim-
ber. Results from the original instrument
indicated that he was on the right track,
and' then followed many ex- !
periments to determine the
best size and shape of the
sound developing chambers
and their inter-communicat-
Ing passages. Finally, a tech-
nique was developed whereby
devices may be designed to
suit any type of sound re-
producer of the phonograph,
telephone, or loud speaker art.

Two patents had been is-
sued to Mr. Blieberger, the
first, covering the adapta-
tion of the invention to de-
vices for recording, repro-
ducing, and amplifying
sound, and particularly suit-
able to the phonograph art,
and the second, covering de-
vice suitable for radio, tele-
phone, and loud speaker
sound amplification.

For a number -

- Blieberger,

Back View of Another Acoustic Device, Whi

Are Cut to
Prevent Them
From Vibrat-
ing at Certain
Frequencies,
Thus Causing
Distortion.

TR

Many attempis have been made to improve
the sound reproduction from phonographs
and loud speakers, by the addition of so-
called syvmpathetic resonators, such as sound-
ing boards, musical strings, resonant tubes,
wood and metal rods, etc. His instruments
do not add sounds ‘to those given by the

ATTIETTRGLG

This Hom Is
Made So That
a Baldwin
Phone or
Other Similar
Unit May

Be Attached
To It. It Has
the Same
Acoustic
Properties As
the Other
Horns De-
signed By Mr.

But Con-
centrates the
Sound in a
Certain
Direction.

original vibrators of the diaphragm, such as

- the blare and chocky effects of the horn or

megaphone, but on the contrary, the sound
waves are developed and distributed in all
directions, with the result that a perfectly
natural amplified tone is produced. .
Several commercial models have been de-
signed and will soon be available for replac-
ing the horns on existing phonographs and
the present-day power Ioud speakers, also
smaller types which will operate when con-
nected with a higher grade head telephone,

ch May Be Used A
or Phonogtaph.Horn. s

wWWwWWw.americanradiohistorv.com

At a private demonstration given recent-
ly, we had the opportunity to compare the
results obtained with these new horns and
those obtained through the ordinary ampli-
fying horns used on the present-day loud-
speakers. Used on the phonograph, the horn
designed by Mr. Blieberger amplifies . the
sound in a remarkable manner, giving to the
listeners the impression that the singer is in
the room and not at the end of a long hall
as is the case with most of the phonographs.
There is no blasting effect and the sound
comes pure and clear in every direction as
the horns have openings on every face.
These new sound-amplifying devices certain-
ly mark a step in the improvement of loud-
speaking machines. Used with good loud-
speaking mechanism and efficient amplifiers,
they will help to attract more music-lovers
to radio.

NEW RADIO LEGISLATION WILL
SOON BE IN EFFECT
By CARL BUTMAN'
Radio manufacturers, organizations, op-

erators and fans will be interested in H. R.
13773, the amended White Radio Bill re-

ported out on the floor of the House by
Chairman Green of the Merchant Marine

Committee. As predicted, minor contro-
versies were adjusted, ambiguities corrected
and the bill was printed. :

No opposition is expected in the House,
where the bill will probably be taken up
within a short time, it is said by members
of the committee.

Secretary Hoover and Secretary Denby
and their advisers have agreed to a com-
promise, and the Bill now carries a clause
that Army and Naval Sta-
tions shall not require com- -
mercial licenses, that their
wave-lengths will be assign-
ed by the President, but that
when commercial traffic is
handled rules and regula-
tions designed to prevent in-
terference with other radio
stations will be observed. In
other words, Governmental
stations when transmitting
other .than official matter will
use commercial wavelengths
and comply with all regula-
tions set down by the Secre-
tary of Commerce.

One feature of the Bill
increases the membership
of the Secretary of Com-
S A 8 merce’s advisory commit-

r tee from twelve to fifteen, in-
e (Continued on page 1741)
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Broadcasting Over Light Lihes Prevents

ards, R. D. Duncan, Radio Engincer

for the North American Company, gave
a practical exposition of ‘‘wired-wireless”
broadcasting over the system of the Potomac
Electric Light and Power Company. At a
distant sub-station in Georgetown, an assist-
ant “put on” informal entertainment through
an ordinary broadcasting set over the 2500-
volt alternating circuit. Through the maize of
underground and overhead wires and cables
the radic messages came into the Signal
Corps Radio Laboratory at the Bureau from
an electric light plug. The voice of the
spokesman was picked up by a tube set
coupled in with condensers. A 5,000-meter
wave was used and the transmitting cur-
rent was .05 ampere. There was no radia-
tion. No other radio fans knew what was
going on, but if they had, they could not
have picked it up from the air—it wasn't
in the air. Secretary Hoover will never
have complaints of interfeence on this broad-
casting scheme, as being confined to the elec-
tric wires; it leaves the air clear for long-
distance broadcasting; it needs no wave as-
signment and neither the station nor opera-
tor will have to secure a license.

General Squier’s patents for directed radio
have been purchased by the North Ameri-
can Company of New York, which owns
and operates electric lighting utilities in
Cleveland, Milwaukee, St. Louis and sev-
eral other cities, and this company plans
to furnish its subscnbers with wired-wire-
less entertainment in the near future. Mr.
Duncan, radio engincer of the company, is

RECENTLY at the Bureau of Stand-

‘without producing in-

(nterference

now completing the de-
tails of a standard in-
stallation and predicts
the early use of the sys-
tem in several cities.
All subscribers will have
to do is to consult their
lighting companies, se-
cure a good long-wave
tube set, a condenser or
special plug to protect
their sets from the high |
potential circuit, and
plug in just as they do
with common electrical
appliances.

General Squier’s dem-
onstration on a private
lighting circuit of 110
volts direct current nine
months ago, has now
been applied to a regular
city lighting system and
works to perfection.

One great advantage
of the system is that
several programs may
be broadcast on the line
at various wave-lengths

with  the
others or with the
radio broadcasts. Since

terference

no aerials are necessary
with this system, little
or no static interference
is experienced.

(¢) Under vood & Underwood.

A View of the Wired Wireless Transmitter Recently Tested Out by the
Bureau of Standards.
Directed to Flow Along Definite Paths From the Transmitter to the Various

The High Frequency Energy is Confined and

Receivers.

A Wireless Selective Cali

By DR. ALFRED GRADENWITZ
Berlin Correspondent of RADIO NEWS

that, since the inception of wireless
telegraphy and telephony, have been
facing the radio engineer is the designing
of some wireless call similar to the auto-
matic selectors used in wired telephony.
There are mainly three important applica-
tions of the art which would seem to be
called upon to profit by such a scheme,
viz, first, wireless alarms on board ship to
be used in cases of distress ta send out an
appeal for help to vessels passing in the
neighborhood, second, radio-telephony on
the “wired-wireless” system along high ten-
sion conductor lines between power houses
and their several sub-stations, and, third,
the broadcasting of news of various kinds
at different times of the day, either to all or
only to given groups of subscribers.
The Wireless Selective Call developed by

ONE of the most interesting problems

the Dr. Erich F, Huth Eadio Company, of
Berlin, and demonstrated by Engineer Pohle
before the recent Congress of German
Physicists complies with all these require-
ments. It comprises a call transmitter and
a call receiver, different times of call being
used to differentiate between the various

groups of stations. A simple manipulation
is sufficient to use the apraratus for calling
up on a given wave at vill cither all sta-
tions simultancously or culy a given group
or just a single station, the call signal then

FLTTIRTE L

The Call
Receiver.
A Calling
Station
Actuates
a Relay
Which
Closes the
Circuit to
a Bell.

axmmEmemimE
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being perceived only at the given individual
station or group of stations.

The Call Transmitter is represented in
Fig. 1| and comprises two concentrical dials.
The cu:side annular dial comprises an ar-
row aad is so adjusted 2s to have that ar-
row pomt toward one of the small station

oTmTmTTITnImmEI

A View of the
Call Transmitter.
Any Desired
Station Can Be
Selected by the
Knob and Dial.

AR,

ok ]

marks, e.g., Munich, arranged round its
circumference, after which the other dial is
turned round as far as a stop and eventu-
ally released, thus winding up a clockwork
in the interior of the Transmitter, the time
of running of which depends on the ad-
justment of the former dial. As long as
the clockwork is running, there will be an
emission of electric waves.

In selecting a station it is of no impor-
tance whether the call transmitter jis first
actuated, lifting the receiver afterwards or
vice versa. When machines requiring
lengthy starting or remote operation are
used at the sending end, the call transmitter
should be fitted with a specxal switch allow-
ing the sender to be operated before selec-
tion. The call transmitter seen in Fig. 1

(Continued on page 1743)
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Electrons, Electric Waves and Wireless Telerphony
By DR. J. A. FLEMING, F.R. S.

E have in the next place to explain
the nature of a wave which 1s

created i1 a material, and not

simply on the surface of a me-

dium. To follow this explana-
tion necessitates some effort of the power of
mental vision because objective perception
is more difficult or impossible.

As already mentioned, there are two
types of wave which can ‘thus be produced,
viz., compressional and distortional waves,
depending upon the two kinds of elastic
resistance which can be offered.

A solid is defined as a material which
offers resistance to change of shape as well
as to change of bulk or size. An elastic
solid is one Wthl‘l when slightly changed
in shape or size returns exactly to its
original shape or size when the deforming
force is removed.

A liquid or gas is matter in a physical
state in which it offers elastic resistance to
change of bulk or volume, but little or no
resistance to change of shape.

The elastic resistance to change of
volume is called volume elasticity; and the
substance is said to have compressional
elasticity or compressibility. The resist-
ance to change of shape is called rigidity,
and a substance which possesses elastic re-
sistance to change of shape is said to have
distortional elasticity.

In scientific language any change of size
or shape in a substance is called a strain,
and the corresponding force causing it is
called a stress. Elasticity is numerlcally
measured by the ratio of stress to strain
in appropriate units. Hence in scientific
language a substance is called highly elas-
tic if it requires a relatively large stress or
force to make a given small strain. In
common language we generally say that a
substance, for example, indiarubber, is very
elastic if it stretches a great deal under
a small pull; but in scientific usage we call
a substance such as steel highly elastic be-
cause it requires a very large stress or
force to create a relatively small strain,
or stretches very little under a pull. The
strain is always measured by the ratio of
the change in volume or length to the
original volume or length.

The two types of elasticity with which
we are concerned in wave propagation,
are the volume elasticity and the simple
rigidity or shape elasticity.

Before discussing the way in which these
qualities affect the speed of wave propa-
gation it may be well to consider in detail
the process of producing a space wave or
wave in an elastic medium such as air.

Suppose a very sudden expansion of the
air is made at one place by a little explo-
sion or by an electric spark, the effect is
to compress suddenly the air in a small
spherical shell lymg around that point.
Owing to the inertia and compressibility

Part il

T

Fig. 20.—Pho-
tographs of
Sound Waves
Produced by
an Electric
Spark Be-
tween_Balls.
The Central
Black Dots
Are the Balls
and the In-
clined Lines,
the Wires
Leading to
the Two Balls.
The Sound
Waves Are
Shown Re-
flected From
a Table.
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of the air this compression does not make
itself felt at once at any great distance.
When the explosion is over, this shell of
compressed air
place of explosion expands agam, and in
so domg compresses the air in a spherical
shell just outside the first layer. This
again, in turn, releases itself and so the
compression is handed on from layer to
layer. If we picture to ourselves the re-
gion round the original center of explo-
sion as divided into concentric shells like
the coats of an onion, we can say that each
shell in turn becomes compressed and then
expanded again, passing from within out-
wards. This gradual transference of the
compression from layer to layer consti«
tutes a wave of compression, and in air at the
temperature of melting point of ice (0° Cen-
trigrade) it travels at the rate of 1,090 ft.
per second or nearly 700 miles per hour.

It can be proved by mathematical reason-
ing, though the proof is not given here
since it is somewhat difficult to follow,
that the speed at which a wave travels in
an elastic medium is numerically equal to
the square root of the quotient of the
elasticity by the density using the appro-
priate units.

In a gas suéh as air the decrease in
volume produced by an increase in
pressure is such that if the pressure is
applied slowly the product of volume and
the pressure remain constant.

Let V be the original volume and let v
be a small reduction in volume produced
by an increase in pressure from P to P+p.
Then by the above rule (Boyle’s Law)
we have—

(V — ) (P+ p) = VP or
V—v
P = p =
v o/V

hY
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Fig. 21.—A Sectional Diagram of the Human Ear.

3. The Tympanum and Middle Ear. 4.

immediately around the

The Eustachian Tube.

provided ¥ is small compared with . But

—— is the ratio of increase in pressure to
v/V
decrease in volume expressed as a fraction
of original volume. This is therefore the
compressional elasticity. Accordingly this
last is numerically equal to the pressure of
the gas at standard temperature 0° Centi-
grade. But the law of Boyle holds good
for changes of pressure so slowly applied
that no change of temperature takes place.
In the case of the compression produced
in air waves, the pressure is suddenly ap-
plied and it can be shown that the elasticity
with which we are then concerned is
measured, not by the pressure P but by
141 times P.

To render the above explanations clearer
we may consider a numerical example.

The pressure of the air at normal baro-
metric height, viz., 760 mm. = 30 inches
and 0° Centigrade is about 2116.4 pounds
per square ifoot. Ilut ihe so-called weight
of 1 Ib. is 32.2 absolute units of force in
British foot, pound, second units; because
a mass of 1 Ib. acquires under gravity 2.
velocity of 32.2 feet per second, whereas
the unit force imparts a velocity of only
1 foot per second. Hence the pressure
per square foot in absolute units of force
is 21164 X 322 = 68,148. If we multiply
this number by 1.41 we obtain the product
96088.68, which is the numerical value of
the elasticity of air at 0° Centigrade and
760 mm. for suddenly applied pressure.
The density of air at the same pressure
and temperature is such that one cubic
foot of air weighs 0.0807 pounds. Hence
if we divide the number 96088.68 by 0.0807
and take the square root of the quotient,
we arrive at a number close to 1,090, which
is therefore the velocity of a compressxonal
wave in air at the above standard pressure
and temperature in feet per second. In
the case of water the ratio of elasticity to
density is nearly 17 or 18 times that for
air and the velocity of a compressional
wave in water is therefore rather more
than four times its velocity in air.

Although we cannot see these com-
pressional waves in air they can never-
theless be photographed by an ingenious
Frocess which may be explained as fol-
ows

If we look at a shallow pool of water
on a bright sunny day when there is -
slight wind producing ripples on the sur-
face of the pool, we shall see a series of
bright lines on the bottom of the pool,
which move with the wavelets. The curved
surface of the wave makes the water act
like a lens and concentrates the sun’s light
on certian lines, corresponding to these
waves.

\4\
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1. The External Lobe. 2. The Entrance Channel.

The Chain of Bones or Ossicles

Connecting the Tympana of the Outer and Inner Ear Cavities Are Shown in Diagram B
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A wave in air is a region of condensa-
tion followed generally by one of rare-
faction and the compressed air acts to
some extent like a lens on rays of light.
Suppose, then, that we create a very sud-
den sound by means of the snap of an
electric spark. This starts a sound wave
which consists of a single region of com-
pression followed by a region of expan-
sion. This air wave can be allowed to flit
across a sensitive photographic plate in a

Fig. 22.—A Pendulum Having a Bob Delivering

a %tream of Sand Which Marks a Simple Har-

monic Curve on a Transversely Moving Strip
of Paper.

dark room. It moves at the rate of 13,200
inches or so per secand and therefore
occupies about 1/2,000th part of a second
in moving a distance of 6 inches.

Suppose a second electric spark is made
at a distance from the plate, but so that
its light falls on the plate. If the interval
of time between the sound-creating spark
and the light-creating spark is properly
adjusted, the latter will impress on the
photographic plate an image of the sound
wave as it flits across the plate.

Some very successful experiments in
photographing sound waves in this manner
were carried out as far back as 1899 by
Prof. R. W. Wood, and described by him
in the Philosophical Magazine for August,
1899. He followed a method first used
" by Toepler, but with many improvements.

The light-giving spark was formed by
the discharge of a small Leyden jar be-
tween two pieces of magnesium ribbon,
clamped between two glass plates. An
optical image of this spark was formed by
a large lens, and the image nearly covered
by a horizontal metal plate. Behind this
was placed another lens which formed a
faint image of the first lens on a photo-~
graphic plate, which was thus uniformly
illuminated. If, then, a sound wave pro-
duced by another electric spark, which
takes place about one ten-thousandth part
of a second before the light-giving spark
is allowed to flit across the first lens, an
image of the compressional wave in the
form of a bright line appears upon the
photographic plate when developed. We
then see the compressional wave made by
this spark as a circular ring-shaped image
on the plate. If we allow the sound wave
to impinge upon a reflecting surface we
can see the reflected wave (see Fig. 20).
We can in this way objectively inspect
what takes place when compressional air
waves are reflected or refracted in various
ways.

Professor Wood was thus able to photo-
graph air waves in the act of being re-
flected by plane surfaces or refracted by
being transmitted through boxes, prisms or
lenses of thin collodion, filled with gases
such as hydrogen or carbon dioxide, in
which compressional waves travel more
quickly or morc slowly than in air.

Although we cannot sce these air waves
with our eyes, we are provided with a
pair of organs, our ears, which are
extraordinarily sensitive to compressional
waves in air, either solitary or in trains,
provided their wavelength lies within cer-
tain limits, viz., about 30 ft. and 2 or 3 ins.

These waves excite in our ears the
sensation of sound. In the human being

the external organ we commonly call the
ear, is merely a wave collecting shell or
sound catcher, and in amimals such as
horses, dogs, cats, etc., it assumes the form
of a curved flap or ear trumpet capable
of" being turned in various directions.

The true ear or actual organ of hearing
is set deeply in the skull, and in mankind
may be likened to a sort of house with two
rooms and an entrance hall. The entrance
hall is the tube opening into the exteraal
air. This is closed at the bottom by a
delicate membrane like the wing of a Hy,
which is called the drum or tympanum.
The first room of the ear, called the mid-
dle ear, is a cavity which is bounded on
one side by the first tympanum and has
on the other side two other inner tympana
or drums. This cavity communicates with
the back of the mouth by a canal called
the Eustachian tube, which admits air to
the middle ear (Fig. 21). The inner and

< outer tympana are connected by a liitle

chain of bones called the ossicles. When
a compressional wave from the outer air
enters the external tube and strikes the
ear-drum, it presses it in, and if the waves
continue to arrive the tympanum will be
set in sympathetic vibration.

These motions of the outer drum are
communicated across the middle ear-by the
chain of bones, and act on the inner tym-
panum. Behind this middle chamber and
deeply buried in the bony framework of
_the skull lies the real organ of hearing,
in and by which the mere mechanical mo-
tions of the tympana are translated into
sensations of sound. This inner ear con-
tains an organ called Corti’s organ in
which are spread out a vast number of
nerve fibres which are extensions of the
auditory nerve. It is in this inner cham-
ber, the secrets of which physiologists have

\

Fig. 23.—A Simple Harmonic or Sine Curve.

not yet been fully able to explore, taat
the transmutation takes place of physical
mptions into physiological perceptions, or
sensations, The ear has a marvellous
power of appreciating the frequency of the
alr waves which enter the outer ear, and
also their amplitude, and in addition it de-
tects that which is called their wave form
or the degrce of an admixture of waves
of different frequency and amplitude. The
difficult questions of physiology and psy-
chology involved in the explanation of the
dfunctions of the ear in hearing do not
concern us here, but it is important to un-
derstand clearly the differences between
the motions in the air itself which give
rise respectively to sensations correspond-
ing to musical sounds, to mere noises, and
to articulate speech.

In an air wave there is a place or places
at which the air is slightly compressed,
due to the air molecules being a lirtle
crowded together, and other adjacent
places where it is raritied or the macle-
cules less crowded together. These regions
of compression and rarefaction are propa-
gated or travel through the air, but the
actual motion to and fro of the air mcle-
cules themselves at any one place which
gives rise to these compressions or rarefac-
tions is very small

The late Lord Rayleigh (third Baron)
made experiments in 1877 in the open air
on a calm day with a whistle giving out a
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sound or air wave having a frequency of
2,730. He found that such a whistle could
be heard by a normal ear at a distance of
820 meters. The whistle was blown with
a steady blast of air and from the power .
required to blow it he was able to esti-
mate that the amplitude of motion of the
air particles in the sound wave at the above
distance from the whistle was only 0.8
of one millionth. of a millimeter. This
is less than one twenty-five millionths of
an inch. Yet the human ear is able to
appreciate the extremely slight changes in
air pressure due to the motion.

Lord Rayleigh also experimented in 1894
on the amplitude of the least audible sound
waves given out by a tuning fork vibrat-
ing 256 times a second, and found it to
be about 1.27 millionths of a millimeter.

It will be evident from these figures
that the expenditure of energy necessary
just to excite a sensation of sound in the
ear is extremely small. Measurements
made of the energy necessary just able
to excite a sensation of light when enter-
ing the eye, show that the human eye and
ear are about equally sensitive to radiant
energy.

In order that an air wave may be pro-
duced it is therefore necessary for some
solid body or else some puff of air to
strike the stationary air very suddenly.

When, for instance, we strike a gong
with a drumstick, the disc of metal is
pressed in at the center by the blow, and
this produces a sudden local compression
of the air on the opposite side which
starts an air wave. The actual extent of
motion of the wave-producing device may
be invisibly small. Thus, for example, if
we strike the prongs of a tuning fork and
so set them in vibration, the motion is
not visible to the eye. If, however, we
hold near to the prongs a little pith ball
suspended by a silk thread the rapid
bouncing to and fro of the ball reveals
the minute vibratory motion of the prongs.
In the same way, although we cannot see
the motions of the disc of the sound-box
of a gramophone when it is playing, we
can feel that it is in motion by holding
the finger very gently just in contact with
the disc. Even in the case of loud sound
the amplitude of the motion in the gramo-
phone diaphragm scarcely excecds a few
thousandths of an inch.

SOUND WAVES

The next question which must be an-
swered is as to the nature of the motion
of the air particles which takes place in
sound waves. We have seen that it is an
extremely minute motion to and fro in
the direction in which the air wave is
traveling.

If we suspend a weight from the end of
a very long string, say three yards long,
fixed at the upper end, and set the weight
swinging, we have an arrangement called
a simple pendulum. The motion of the
bob backwards and dorwards exactly re-
sembles that of the end of a tuning fork
emitting a pure musical sound, and it is
called a simple harmonic motion. Let the
bob of the pendulum be formed of a can-
nister having a small hole in the bottom
and let the cannister be filled with fine
sand. As the pendulum vibrates the sand
will run out of the hole in a fine stream.
Let it fall on a long sheet of card (see
Fig. 22). If the card is not moved the
sand will be merely distributed in a long,

Fig. Har-

24.—Method of Forming a Simple
monic Curve by a Sheet of Paper Cut to Fit
Round a Cylinder With Oblique End.
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straight ridge. If, however, we inove the.
card steadily and uniformly in a direction
at right angles to that of the line of wvi-
bration of the bob the sand will be dis-
tributed in the form of a smooth wavy
curve, called a simple harmonic curve (see
Fig. 23).

We can imitate this curve in the follow-
ing way. Procure a cardboard tube having

Fig. 25.—Simple Harmonic Curves With Wave-
Lengths in Ratio of 1:14:%.

a circular cross section and cut off the end
obliquely with a sharp knife so that the
slanting end will touch everywhere a flat
surface applied to it. Then fold . a sheet
of paper several times round the tube,
and with scissors cut the edge of the paper
to match the sloping end of the tube.
Then unfold the paper and its edge will
be found cut into the form of a simple
harmonic curve (see Fig. 24).

Obtain if possible four tubes respectively
of diameters, 3 ins, 134 ins.,, 1 in., 34 in.
and prepare in the above manner from
them four sheets of paper with their edgcs
each cut in wavy curves of the above kind,
but the distances from crest to crest «f
the humps will be in the ratio of 1: U4:
Y53: ¥%. By placing these templates, as they
are called, on a sheet of paper and pass-
ing a pencil round the curved edges, we
can draw on the paper four simple har-
monic curves which are said to have wave-
lengths in the ratio of 1: 14: 15: ¥4 (sec
Fig. 25).

If we describe in this way, say, two
superimposed simple harmonic curves with
wavelengths in the ratio of 1 to 14, we can
then add together the heights of these two
curves above the mean line and obtain a
third periodic curve which is said to be
the sum of the other two. This third
curve will be more irregular but will re-
peat itself (see Fig. 26).

In this way we can add together or sum
a number of simple harmonic curves whose
wavelengths are in the ratio 1 : 14 : 14, etc,
and obtain very complex periodic curves
which, however, repeat themselves in
shape. Such curves are called complex
periodic curves.

It is quite an easy thing to add together
in this manner any number of simple har-
monic curves of different wavelengths and
amplitudes, and in any relative differencs
of phase; that is to say, shifted relatively
to one another, but with the mean or center
lines of all the curves coincident, and thus
obtain a complex curve.

Fig. 26.—A Diagram Illustrating Fourier’s The-

orem. The Black Firm Line Is a Periodic Curve -

d the Dotted Lines Its Harmonic Constituents
= With Wave-Lengths in Ratios 1:1/3:1/5.

FOURIER'S THEOREM

Strange to say, it is possible to perform
the reverse operation, and if we are given
a complex periodic curve which repeats
itself regularly, we can find out what are
the simple harmonic curves out of which
it is built up. The fact that this can be
done for certain periodic curves was dis-
covered by a great French mathematician,
Fourier, and it is in consequence called
Fourier’'s theorem.

The importance of this fact in connection
with sound and music is very great, be-
cause it shows wus that simple musical
sounds, such as those of a tuning fork or
open organ pipe, when combined together,
can produce air waves in which the to
and fro motion of the air particles is very
complicated and can only be represented
by the varying height of a complex curve
corresponding to various distances along its
mean line taken as an axis of time. Also
Fourier’s theorem shows us that such,
sounds can be analyzed into a number of
pure musical sounds represented by sim-
ple harmonic curves. :

Before proceeding further it will, how-
ever, be an advantage to explain the man-
ner in which we can determine the nature
of the motion of the air particles in air

Fig., 27.—The Phoneidoscope.

waves given out by various sound produc-
ing sources. ‘This is accomplished eby
means of an instrument called a Phoneido-
scope, which is a word meaning “sound
forms rendered visible.”

It will perhaps be new to some readers
to learn that every sound has a certain
shape of wave form.

We recognize that there is a great dif-
ference between a mere noise and a mu-
sical sound, and also that there is a re-
markable difference between the quality
of the sound given by various musical in-
struments, even when playing the same
note. Also we know that in articulate
speech there are great differences between
the various vowel sounds, even when pro-
nounced in the same tone and loudness.

The phoneidoscope enables us to ascer-
tain the external or physical differences
which correspond to these various kinds of
sounds considered as sensations. It is con-
structed in the f{following manner (see
Fig. 27) . —

A metal ring has clamped to it a circu-
lar disc of very thin glass or transparent
mica. This disc is best made about 214
8. in diameter, and the ring may be fixed
at the narrow end of a wooden trumpet,
like a gramophone horn. When an aerial
wave enters this horn it presses the disc
or diaphragm as it is called, slightly cut-
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wards, and if aerial condensational waves
continue to arrive, the disc is set in sym-
pathetic vibration. To the center of this
disc is attached a small aluminum pin, cut
with a chisel-shaped edge. This chisel
presses on the underneath side of a small
piece -of celluloid, which is pivoted by a
wire passed through its center, and on the

Fig. 28.—Wave Forms of a Musical Sound as
Rendered Visible by the Phoneidoscope.

other side of the center is a steel spring,
which presses the celluloid up in the same
direction as the pressure of the aluminum
chisel. The little bit of celluloid has a
small circular silvered glass mirror ce-
mented to it. It will then be seen that if
the mica disc moves to and fro or vibrates
it will cause the little mirror to rock on
its axis and the movements of this mirror
will copy exactly the movements of the
center diaphragm. A ray of light is
allowed to fall on this mirror and is re-
flected on to another steadily revolving
mirror. The axis of revolution of this last
mirror is so placed that if the diaphragm
is at rest, the spot of light is carried hori+
zontally across a screen, and in virtwe of
the persistance of vision, appears as a nar-
row line of light. If, however, vibrations
of the mica diaphragm take place, the spot
of light is caused to move up or down and
the line of light becomes a more or less
regular wavy line of light (see Fig. 28).
With this apparatus we can try the fol-
lowing experiments.

If we make near the horn any pure mu-
sical sound, we see the line of light thrown
into a wavy line of simple harmonic wave
form. If the sound is loud, the amplitude
or height of these waves is large; but if
‘the sound is feeble, the height is small.

Again, if we sound various notes -from
organ pipes or pitch-pipes, we find that
if the sound is a low or bass note, the
wavelength of the light line waves is large,
but if the sound note is high or shrill,
then the wavelength is small.

If we sing to the mica diaphragm vari-
ous vowel sounds, Ah, Ee, Ay, etc, we
find that the shape or wave form of the
light line is different in every case. If we
speak to the diaphragm or recite, the line
is_thrown into an irregular shape (see
Fig. 29).

We see, therefore, that since the ampli+
tude or extent of motion of the mica disc
1s a measure of that of the air particles
which beat against it, we may conclude:

I) that the amplitude of motion of the
air particles determines the loud-
ness of the sound.
that the frequency of their vibra-
tion or what .comes to the same
thing, the aerial wavelength de-
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Showing the Mouthpiece Diaphragm and Tilting

Mirror of the Plhioneidoscope
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termines
and

(III) that the wave form or sound shape

of the aerial vibrations determines
the quality of the sound.

A musical sound results from regularly
repeated aerial vibrations, of a certam
wave form. A mere noise resutts from
irregular aerial vibrations, and articulate
speech results from aerial vibrations of
certain specialized forms.

Since the complex wave form of vowel
sounds can be analyzed into the sum of a
number of simple or pure musical tones, 1t
is possible to arrange a certain number
of organ pipes to certain selected notes,
so that when sounded together, they give
out the vowel sounds Ah or Ok (see Figs.
29 and 30).

THE GRAMOPHONE

It is clear there are many matters 'of
great scientific interest in connection with
that popular instrument the gramophone.
There are two types of this instrument,
one employing a needle and the other a
jewelled point in the sound producing por-
tion.

On examining a gramophone record we
find it to be a disc made of a certain com-
position which softens with heat, and on
it is a close spiral groove cut in the plate.
In the ncedle records this groove is smooth
at the bottom but irregularly indented at
the side. The record is made to revolve
steadily at about 90 revolutions a minute
by the clockwork. The so-called sound-
box consists of a flat metal box, carried
on the end of a hollow arm, and this box
has a circular disc, generally of mica as the
outer face. The center of the disc is
screwed to a pivotted arm, ending in a
needle which rests in the groove in the
record. As the record revolves. the needle
travels in the groove, but is jerked to and
fro by the irregularities on the side of
the groove. This causes the lever to im-
part corresponding vibrations to the mica
disc of the sound-box, and these create
aerial waves which travel up the tube and
make their exit from the horn. In the
case of the Pathé gramophoncs the groove
in the record is smoeth at the sides but

the pitch of the sound,

irregularly indented at the bottom. The
sound-hox lever ends in a metal point
tipped with a small sapphire ball. This ball

travels along the record groove and jumps
or hounces over the uneven bottom like
a bicycle on a rough road. These vibra-
tions are communicated to the sound-box
disc and then to the air.

The marvelous thing about the gramo-
phone is the perfect manner in which it can
reproduce complex sounds such as speech,
singing, noises of animals, bell ringing.
cornets and violins playing and even ham-
mers beating on anvils. The outline or
profile of the irregularities on the side or
bottom of the groove in the record is a copy
of the wave form of the sound originally
impressed on the master record, and this is
faithfully reproduced in the aerial vibra-
tions created as above described by the
copies of the master record, which are sold
to buyers.

This i1s perhaps the place to make ref-
erence to the history of a type of gramo-
phone which is capable of giving a vastly
louder sound or wave amplitude than the
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ordinary instruments. In this case the ace L. Short devised a valve intend-
power required to create the aerial waves ed to be used for this purpose, and

is not derived merely from the clockwork
driving the record, but from 4 supply of

" 'y

Fig. 30.—A
Collection of
Organ Pipes
Which When
Sounded To-
gether Emit
the Vowel
Sound Ah.
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compressed air furnished by an electric
motor and pump. All that the rotating
record does is to control the emission of
this air and modulate it so as to prodice
aerial waves.

. A sudden puff of air is capable of start-
ing a compressional wave into existence in
surrounding air. In fact, this is the under-
lying principle of all so-called wind musi-
cal instruments, cg., organ pipes, reeds,
trumpets, cornets, flutes, etc.

_Suppose, then, that a jet of compressed
air 1s issuing from a pipe. If we can apply
to the end of the pipe a valve which will
control the jet of air and modulate it in

accordance with the wave form

Q. Dy T
q;\&ﬂ\@ W

e

of a musical sound, we shall pro-
duce the corresponding aerial
waves.

Edison seems to have had the
idea in 1876 that if such a valve
could be controlled by the voice,
then an instrument could be
made which would greatly mag-

ot o nify it or act as an amplifier
o _ of speech.
ig. 31.—The Slotted Plate and Comb Valve of a Creed Stentor- .
phone Similar to That Previously Invented by Sir Charles In the late years of the

Parsons,

nineteenth century Mr. Hor-

www americanradiohistorv com

a few vears later the eminent engineer,
Sir Charles Parsons, the inventor of the
steam turbine which bhears his name and
has cffected such a revolution in ship pro-
pulsion, turned his attention to the subject.

He invented a peculiar kind of valve
consisting of a metal plate with very close
narrow slits in it. These slits were closed
by a kind of steel comb. the teeth of which
overlaid the slits and closed them. If the
comb was raised a little the slits became
more or less open. Compressed air was sup-
plied under the slotted plate, and its emis-
sion controlled by very slight movements
of the metal comb, which last were actu-
ated by the vibrations of some musical in-
strument or by a gramophone record. In
this manner very powerful aerial vibrations
were created by means of feebler sounds.
This invention of Sir Charles Parsons was
named an “Auxetophone.”” and it was ex-
hibited to the Royal Society in London in
1904, and also at the Royal Institution. It
was emploved in 1906 to amiplfy the sounds
of musical instruments, violins, double bass,
‘cellos. ete.. but its introduction was blocked
or boycotted by the hand-playing fraternity
because they thought it would reduce the
number of executants required in bands.

More recently, a similar type of instru-
ment has been evolved by Mr. Gaydon and
manufactured by Mr. Creed, of Croydon,
the well-known inventor of telegraphic
[)rinting instruments.  This last form of
mstrument has heen called a stentorphone.

Messrs. Creed and Gavdon have now
perfected a form of comb-valve which can
be attached to the arm of a gramophone
and actuated by any ncedle record. The
valve is supplied with compressed air under
a pressure of 10 Ibs. on the square inch,
furnished by a simple form of rotary
pump driven by an electric motor of 14
horse power. The indentations on the rec-
ord. acting through the needle. control the
motions of the comb-valve (see Fig. 31),
and this, again. controls the emission of
the air (see Fig. 32). The instrument
therefore gives a much greater volume of
sound than the ordinary gramophone, and
can be heard over very large halls or dor
grest distances in the open air. The gen-
eral appearance of the instrument with its
air compressor is shown in Fig. 33. The
C.ICC'EI‘IC motor can be driven off any electric
light supply circuit.

THE VELOCITY OF SOUND WAVES
This discussion of aerial waves would
probably be incomplete without some ref-
erence to methods of measuring their ve-
locity, since these measurements have of
late years received important practical ap-
plications in methods of sound-ranging for

* (Continued on page 1666)
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Experiments With the Two Plate Condenser Antenna

By JOHN C. WARNER*

This Clearly Shows the Method Employed for Supportiug the Plates of the Condenser Antenna.
Receiving Set Is Shown on the Small Table.

HE development of modern electron
tube receiving equipment has made
possible the use of relatively small
antenna structures. The coil antenna or loop
is a common example of the small antenna
which has come into use on account of its
reduced dimensions and directional proper-
ties. Another antenna of entirely different
form has been investigated recently. This
has been known as the condenser antenna,
as it consists merely of two plates which
dorm the two sides of a condenser. How-
ever, this name is also descriptive of the or-
dinary open, elevated antenna and for this
reason the name “two plate condenser an-
tenna” or simply “two plate antenna,” which
has been suggested recently, seems to be
more applicable to this special form of an-
tenna.
The effect of reducing antenna dimensions
may be seen from the well-known transmis-
sion formula

188 hs hr Is

L =—%3

where

I = current in receiving antenna in am-
peres.

hr = height of receiving antenna.

hs == height of transmitting antenna.

Is = current in transmitting antenna.

A = wavelength.

R = resistance of receiving antenna in
ohms.

d = distance between stations.

Thus, if the height is reduced, the only
means of preventing reduction in received
current, conditions at the transmitting sta-
tion remaining constant, is to decrease R,
the resistance of the receiving antenna.

Antenna resistance, in gencral, is made
up of three components, radiation resis-
tance, resistance of conductors, including
eddy current losses in the antenna itself and
in nearby conductors, and resistance due to
dielectric losses in the field of the antenna.

A two-plate antenna can be designed so
as to reduce greatly the conductor resis-
tance and also the losses in the field so that
the total resistance is only a small fraction
of that resistance of the ordinary elevated

antenna. .

*Formerly Asst. U. S. Burean of

Stendards.

Physicist,

The
Note the Loop Aerial on Top of the house.

The experiments to be described were
carried out at the Radio Laboratory. u. S.
Bureau of Standards. Washington, D. C.
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iron and some copper. These were mounted
in a suitable supporting frame so that the
distance between plates and the height above
the ground could be varied. Fig. 1
shows the method of supporting the an-
tennae in these tests. Plates of various
dimensions were used, ranging from 400
cm. x 180 cm. down to 180 cm. x 45 cm.
Experiments on directional effect were made
with the aid of a frame which could b
rotated. .

MEASUREMENT oF CAPACITY INDUCTANCE
AND RESISTANCE.

Capacity mcasurements were made at
wavelengths varying from 50 to 400 meters,
by comparing the antenna capacity with that
of a known standard. The apparent capacity
measured in this way decrcases slowly as
the wavelength is varied from 50 to about
400 meters on account of the inductance of
the antenna of which no account is taken in
this substitution method. However, this
forms a convenient method for determining
the true capacity and inductance since if the
apparent capacity is known at two different
wave-lengths the true capacity and induct-
ance can be calculated from the formula.

Co
Ca, i Lo CO
1—-3.553 )
where Ca == the apparent capacity.
Co = true capacity.
Lo = inductance.
A = wavelength.

The apparent capacity is measured at two
different wave-lengths and the
corresponding values substituted
in the formula; thus two equa-
tions are given which can be
solved for Lo and Co. Fig. 2
shows a typical capacity curve.
The true capacity of this an-
tenna, which had an upper plate
400 cm. x 90 cm. and lower
plate 400 cm. x 450 cm. spaced
80 cm. apart, was 78 micro-
microfarads, while its inductance
was only .9 microhenry, and the
resulting natural wave-length
about 16 meters. From this, it
can be seen that the inductance
is so small as to be almost
negligible and that this form

200 T

Curve for Determining the Capacity Required for Various

Wave-Lengths.

for the purpose of determining the various
electrical properties of the two plate con-
denser antenna. ’

The antennae used in these tests were all
made of ordinary screen wire netting, some

e .
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@
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of antenna is very nearly a true
condenser antenna.

A lengthy series of resistance
measurements was made which
gave very interesting results.
Particular notice was taken of means of
reducing resistance, because it is only in
this way that compensation can be made for
the reduction in dimensions.

Measurements of resistance were made by

L

PFig. 5. The Assembled Receiving Set and Measuring Instruments Used in the Signal Comparison Tests.
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the usual resistance variation method.
First, the resistance of the complete antenna
circuit, including tuning inductance and a
thermo galvanometer, was measured, then
a standard variable condenser was substituted
for the antenna and another measurement
made. The difference between these two
readings gave the difference between the
resistance of the antenna and that of the
standard condenser. This was practically
the same as the resistance of the antenna
since the standard condenser had negligible
resistance.

Measurements were made at several dif-
ferent wave-lengths in order to determine
the variation of resistance with wavelength.
Fig. 3, Curve A, shows a typical case.
The general shape of this curve is similar
to what is often obtained from an ordinary
antenna, but the actual values are consider-
ably lower.

Examination of this resistance curve and
others which were obtained shows that the
dielectric loss component of resistance is
high compared to the other components.
The next step taken was an attempt to re-
duce this source of encrgy loss. An an-
tenna composed of a small plate mounted
over a much larger one was measured and
found to have considerably less resistance.
This difference in resistance was without
question due to the fact that the large
lower plate shielded the upper in such a
way as to reduce the ground currents and
the resulting resistance losscs.

The effect of poor diclectrics between the
antenna plates was also investigated. Various
objects were placed between the sereens and
the increase in resistance measured. In
one case, a wet board about ten inches wide
and as long as the antenna was placed be-
tween the plates. This increased the re-
sistance from 2.4 to 6.0 ohms.

[n an attempt to secure minimum resis-
tance, one antecnna was built using plates
made of copper screen. Fig. 3, Curve B,
shows the resistance curve for this an-
tenna, which had the same dimensions as
the antenna on which Curve A was made.
Both of these antennac had plates of the
same size. Curve C on Fig. 3 shows the
effect of folding double the upper plate ; thus
the amount of metal remained the same,
but the upper plate was shielded from the
ground. Decreasing the distance between
plates still further reduced the resistance
and at 20 cm. between plates the resistance
was only .14 ohm at 175 meters. This spac-
ing is, of course, too small for practical
purposes.

It is interesting to compare the resistance
curves of the two-plate antennac with those
of two coil antennae which were used later

Diagram of Connections of the Test Circuit Used
for Measuring Purposes.

TR R I P TTR

Fig. 6. An-
other View of
the Receiving
Set Used Dur-
ing the Ex-
periments. One
of the Condense
er Aerial Plates
Is in the
Background.
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in signal intensity measurements. These
curves arc marked D and E on Fig 3.
Not only is the shape of these curves dif-
ferent, but the minimum value is much
higher than the minimum found for the

audibility meter. It was found that this
was utterly unsuited to this work. Not
only was it impossible for two observers to
check each other's work, but one observer
could not repeat his own observations with

any degrec of accuracy. Con-
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Curves Representing the Resistance of Different Condenser
at Various Wave-Lengths.

Antennae

two-plate antennae. Curve D was taken
on a coil consisting of two turns on a frame
90 cm. x 123 em,, while Curve E was taken
on acoil of seven, turns on a frame 80 >m.
square.

S16NAL INTENSITY MEASUREMENTS.

Since the final test of any antenna is its
ability to send or receive signals, particular
stress was laid on the measurement of re-
ceived signal strength in which comparisons
were made with the two coil antennae men-
tioned previously.

Signals were transmitted from a small
transmitting station located abo:ut one-cighth
of a mile from the antenna. The transmit-
ting set was designed to give a continuous
wave of 200 to 450 meters modulated at

1000 cycles. The receiving set was a sinple |

non-regenerative detector connected directly
across a fixed inductance in series with the
antenna.  [FFig. 4a shows this circuit. A
different inductance coil was used for cach
wavelength at which measurcments were
made and fine adjustment was accomplished
by means of a small variable condenser
shunted across the inductance.

Careful record was kept of the current
in the transmitting antenna, so that the con-
ditions did not change during the test.

At first, an aftempt was made to measure
the signal intensity by means of a so-called

www.americanradiohistorv.com
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sequently it was necessary to
employ a different method for
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It is possible to measure the
strength of a signal by com-
paring it with another of the
same pitch and quality, whose
intensity is known, and this
method was finally adopted.
The comparison signal was fur-
nished by a small audio fre-
quency vacuum tube oscillator.
Fig. 4 shows the diagram of
connection and Fig. 5 the as-
sembled set.  Fig. 6 shows the
complete receiving set and the
galvanometer and potentiometer
used in the signal comparison
set. The output current of this
passed through a known resist-
ance R and a milliammeter (S).,
thus giving known voltage drop
across the resistance. By means
of the slider any fraction of
this voltage could be applied to
the phones. To make a measurement the
phones were connected to the receiving
set by means of the D. P. D. T. switch
and the receiving set tuned to give the
maximum signal.  The switch was then
thrown back and forth from the receiv-
ing set to the comparison set and the
slider adjusted until the signals were of
equal intensity, that is, the signal voltage
was equal to the voltage drop across RS.
This method, while requiring some slight
experience before it could be used quickly,
was capable of giving very good accuracy.

The coil antennae previously mentioned

Circuit of the Receiver Set Proper. A Different
Inductance Was Used for Each Wave-Length at
Which Measurements Were Made.
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sions shown has considerable ad-
vantage over a small coil antenna
at wave-lengths under 250 meters,
but that above about 300 meters
the coil gives greater signal
strength. A few measurements
were made on wavelengths of
1100 and 2500 meters, but the
signal intensity was much less
than given by a coil antenna of
eleven turns, one meter square.
Fig. 8 shows the effect of sig-
nal intensity of charging the dis-
tance between the two plates.
The signal intensity increased
about as the square of the dis-
tance between plates except when
the plates were very

Radio News for March, 1923

however, lend itself to indoor use even
though the dielectrics so introduced into its
field raise the resistance somewhat. The
lower plate may be conveniently located un-
der a rug, and the upper plate hung near the
ceiling; or a somewhat modified upper plate
may be made by running a wire around the
room near the ceiling, perhaps concealing the
wire behind picture molding or the like. The
two ends of this wire should be connected to-
gether in this case.

It is quite evident that the experiments
described are only of a preliminary nature,
and that a large amount of work remains
to be done before the full capabilities of
this interesting form of antenna are fully
known.

100 200

A Curve Showing the Results of Measurements Made on
Four Two-Plate Antennae and the Seven Turn-Coil Antenna.

were used as a basis of comparison and
measurenients were made on these and on
several different two-plate antennae at dif-
ferent wave-lengths. Fig. 7 shows the
results of measurements made on four two-
plate antennae and the seven turn coil an-
tenna. Dimensions of the two-plate an-
tennae were as follows:
Upper Plate Lower Plate
No. 1 180 cm. x 45 cm. 180 cm. x 45 cm.
No. 2 310 cm. x 90 cm. 400 cm. x 180 cm.
fo. 3 360 cm. x 45 cm. 400 cm. x 180 em.
No. 4 180 cm. x 45 cm. 400 cm. x 180 cm.
A second series of measurements was
made with 120 cm. distance. Results were
similar to those shown in Fig. 7, except
that all magnitudes were greater. In mak-
ing these two series of measurements, the
distances between plates were made equal
to the heights of the two coil antennae, al-
though the lengths of the two plates were
considerably greater than the corresponding
dimensions of the coils.
From these results it is clear that the

close together. That
is, the voltage in-
duced in the antenna
was approximately
proportional to the distance be-
tween the plates.

14.
| arvation of signal strenglh
Wi distance belween plares

8

Brief experiments were made
to determine the directional
characteristics of the antenna
and it was found to be only
slightly directional. This was,
of course, to he expected since
the ratio of length to height

was small.
The Burcau of Standards tests

show that the low resistance of
the two-plate antenna gives it a

decided advantage over other
forms of antennae. However,
the impression should not be
given that this feature alone
makes a two-plate antenna as ef-
fective as a large overhead an-
tenna when loud signals are de-
sired. Amplification is almost

-4
|3 Jstomce Betweer Plates 1O

as necessary with the two-plate
antenna as with the coil antenna.
The two-plate antenna does,

00 w0 200 0

The Effect on Signal Intensity Upon Changing the Distance
Between the Two Plates.

Reducing [nterference

[X months ago the conversation of
every radio broadcast fan was lim-
ited almost -entirely to the subject of
. “static.” If any listener in the south
could have hooked up his home-made
regenerative receiver and tuned in a sta-
tion 1,000 miles away and heard snatches of
the program, he would have been satisfied,
even if the amateur on the next block had
knocked his phones off two or three times
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A Circuit Designed Especially for the Elimination

of Undesirable Signals. By Means of Switches

It Can Be Changed to a Single Circuit Tuner
At Will

By J. R. TANNEHRILL

with a half-kilowatt spark and the signal
had been badly heterodyned by some local
station broadcasting canned music.

Today the same listeners tune in ten to
twenty stations and if two of them happen
to be on the same wave and produce a
slight whistle they write to Congress about
the air congestion. If some amateur breaks
in while the broadcast fan is listening to
a weak station 1,500 miles distant, the lat-
ter writes his grumblings to the radio in-
spector.

All of this sounds like poor sportsman-
ship, and yet we all do it.

With radio it is difficult to be reasonable.

My situation is just this: Being at a
seaport of considerable importance, the ships
come in like a bunch of bumble bees. The
local radio station is about one mile dis-
tant. When plugged in on two stages, the
listener gets that Naval station's signals like
a blow on the ear with a hammer. Two
hundred feet away from me is station 5VY,
operated by an energetic young man who
claims he uses only 5-watt tubes. 1 sus-
pect that he is sccretly operating about half
the world’s supply of 250-watters. At any
rate, when he comes in on 200 meters, he
paralyzes me up to about 800 meters; and
there are many others.

However, we must be reasonable; there
is nothing to it but to try various means of
eliminating ‘the interference. In the last
three months I have tried out everything
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available to get rid of this QRM. Since
the general howl over the country seems to
be on the subject of interference, perhaps
these experiences will be interesting to
others.

First, a confession, I am addicted to the
use of the single-circuit regenerative tuner.
With an outside antenna. such a circuit
misses nothing in the neighborhood. Yet, it
affords simplicity of tuning and stronger
signals than other circuits. When the at-
mospheric conditions are favorable and in-
terference is at a minimum, there is nothing
so satisfying as a good single-circuit. I do
not desire to discontinue its use, and prob-
ably others are of the same mind. Yet,
therc are times when brother amateur on
the corner begins a series of messages that
you know will require an hour, and your
single circuit sounds like a boiler factory.
What is needed is a flexible circuit, allow-
ing the operator to change to a more selec-
tive type on a moment’s notice. And that
selective type must be one that will elimi-
nate the ‘interference, and no one wants to
spend a small fortune in constructing such
a circuit. Will it be a loop or an mduc-
tively coupled circuit on the outside an-
tenna? Or will it be necessary to use a
wave trap?

The best method is to work on the source
of greatest interference. If you eliminate
that, the chances are that the remainder

(Continued on page 1729)
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Results of the $500.00 Prize Contest

Who Will Save the Radio

Amateur
By E. T. JONES

Fourth Prize

ELDOM if cver have we read an ar-
ticle similar to Mr. Perry's in the
October issue of Rapio News. [le
s the Paul Revere of Radio.

Mr. Perry's article was no doubt
prompted by the half-witied, prejudiced let-
ters which have been flowing in to the 1di-
tor for publication in the “Correspoudence
from Readers” columms.

The Editor was broadminded enough to
print them for the whole world to read
and then gave his own version of the situa-
tion.

It is just that type of Amateur who is
Doomed—beyond saving, and no matter what
efforts are made to cope with the
TYPHOON which is surely heading to-
ward every amateur's door—he will not
stand a chance of being saved.

The writer is an Amateur and proud of

it. Has been operating an Amateur station
since the year 1908 and has never had his
station out of commission once during that
period.
THE ONLY REAL SERVICE WHICH
HAS BEEN DONE BY THE AMATEUR
SO FAR IS THE VALUABLE ASSIS-
TANCE GLVEN UNCLE SAM DURING
THE GREAT WAR.

This is something to remember and which
will be remembered forever and forever.
But we do not have wars every year. We
may not have another for twenty years.

Nothing could take away from the amateur
what he has done for the country and for
radio; towever, what has he been doing
with his transmitting set since this emer-
gency terminated?  What did he do with
his transmitter previous to the emergency?

Listen 1 any night and get a drift on the
type of messages which are being handied
and form your own opinion as to what could
be accomplished if the same cfforts were
employed to some real cause.

LACK OF REGULATION

There has always becen a need for strict
regulations governing an amateur with a
transmitting set. We have allowed this to

"be put off until now we are bumping our
heads against a concrete wall hunting a solu-
tion.

It is the kid with an amateur transmitting
set “Jjamming the cther” with such as this
“How is my spark this afternoon?,” “What
show did you go to last night?” who always
causes trouble for the better class of Ama-
teurs who are transmitting over consider-
able distances and who are now putting
Amateur Radio up for trial and possible
doom if some action is not taken at once.

The writer has always thought it unwise
to issue licenses to kids with small trans-
mitting scts who cannot receive over fifteen
words per minute. We need to take stren-
uous action ourselves and keep this class
of amateur satisfied with a receiving set
until such time as he can receive at least
20 words a minute.

Of course I expect wails from all quar-
ters from those in the class I am anxious
to eliminate from the transmitting field;
however, as Mr. Perry states, the “Amateur
is doomed unless something is done at once.”

It is grand and glorious to have a trans-
mitting set but it is like putting a pistol in
the hands of a five year old child to put a
fransmitting set in anyone’s home who is not

capable of receiving at least 20 words per
minute.
SUPERFLUOUS CONVERSATIONS

Why is it that there are no regulations
governing the Amateur who wants to write
a novel over the ether? Conunercial opera-
tors are dealt with severely when they are
logged for conversing umnecessarily. WHY
\‘OI‘ THE \MAFEUR? This will un-
doubtedly cut down the number of trans-
mitters working. [t st be done!

REAL AMATEUR SERVICE

Why not solicit messages from those
purely interested in receiving the concerts
and forward or relay what they have to
report to the big Dbroadcasting stations?
Everyone is using the wire and paying for
the reports they send into the big stations
reporting how they received their concerts.
This can be regulated so that but one mes-
sage will be accepted from any one person
for one particular broadcasting station.

Ascertain just where the weather and crop
as well as market reports are not being re-
cetved regularly and arrange to relay them.
Ask for space in the local papers and print
everything worthwhile. Show the PEOPLE
that you are a real service—an asset to the
community.

Outside of what the Amateur did during
the war—the average novice looks on them
as a hody of kids and grown up kids tinker-
ing with a lot of stuff that “Sounds well
but does not mnean anything.” That has been
the trouble all along. We have been too
self-centered. We cared not what others
thought but now we are brought down to
the carpet aud realize that we MUST
CARE. So let’s get together and sec what
there is to be done to ward off this ever
onrushing wave df broadcast popularity and
make ourselves a permanent place in the
radio field.

The writer has not only read the bunk
which was written in to this magazine by
sonie unscrupulous kids of the type who
must be either set right or ostracized from
the amateur radio fraternity, but has on
several occasions heard real dyed-in-the-
wool Amateurs sling the same two-edzed
sword which generally proves more harm-
ful to the user than anyone else. This kind
of foolishness must cease. We have to be
serious and fairminded if we want the public
to recognize us. We can’t afford to act like
two-year old babies.

WHAT MUST BE DONE

Amateurs must organize stronger than
cver. They must get together where there
are two or more factions working against
cach other and re-organize into one large
body or club.

After that has been accomplished-—the
riot act must be read to all those who have
transmitters creating interference not only
for radiophone reception but for the DX
operators. Those who are not capable of
receiving at least fifteen words per minute
should be requested very forcefully to keep
their transmitter, out of the air until such
time as they can really operate fast enough
to do the amateurs as well as the community
some real good.

Amateurs must be taught to co-operate
with their new entrants into the radio re-
ceiving field. By lending them all the as-
sistance you can instead of criticizing them
about their ignorance of matters pertaining
to radio, we will gain their support. Very
few if any will “Bite the hand that feeds
them.”

Boiled down to brass tacks we have an al-
together too loose a working policy, be-
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tween ourselves and the present condition
in the amateur field resembles closely the
conditions in Ireland or Mexico. I am frank
to admit it. We necd some real legislation
drawn up by the Amatcurs for the Amateurs.

| claim that a transmitting set in the hands
of one not capable of transacting bonafide
business is nothing short of crimmal. The
people who are buying radio receiving ap-
paratus in order to pick up the radio broad-
cast concerts are certainly not going to
stand for our butting in on their music and
changing a perfect operatic rendition into
a cross between a kitchen sink and a cock
fight.

Ayain, there is absolutely no excuse for
our doing so. Therefore 1 say to you real
Amateurs who have the longevity of Ama-
teur Radio at heart “Spare not your brother
if he is guilty of such.”

There are then only two things to be done
in order to preserve the Amateur rights:

1 Organize stronger than ever.

a Eliminate the wind jammer.

b Co-operate with the novice.

¢ Raise the operating standard.

d Do away with spark transmitters.

2 Perform a real service to your com-
munity.
a Relay weather-crop and market re-
ports.
b Relay messages between relatives and
friends.
¢ Free station to broadcast station re-
ports.

d Give free demonstrations of the opera-
tion of receiving apparatus.

The Radiorhone Enthusiast
Us. the Radio Amateur

By L. W. Van Slyck
Fifth Prize

(Opinion handed down by the higher
court, and arguments as stated -there, are
here shown.)

The Radiophone Enthusiast (plaintiff) in
court versus The Radio Amateur (defend-

antj.
JUDGE—PUBLIC OPINION.

The contentions of the plaintiffs are as
hereinafter shown:

The chaos existing in the air has pro-
gressed to such a point that we, The Radio-
phoue  Enthusiasts, urgently request that
steps be taken to control the situation inso-
far as is possible.

We are the new-comers—the group of peco-
ple so often termed by the Amateur as “in-
truders” and “hogs of the air,” and the like.
We claim, as a body, innocence and ignor-
ance of wrong-doing in the pursuit of our
pleasures,

We claim the right to own and operate
a radiophone receiver under the same rea-
soning which permits us to own and operate
our ‘mtomoblks We are within the law
in so doing. We have been given permis-
sion by our Government. Wc claim the
right to enjoy our radio music and enter-
tainment as we would enjoy our phono-
graph music or our lecture course. We are
an integral part of the social life of the
modern community, and as such, our rights
should be recognized and rcspected

We are Iaunchmfr our casc against the
Radio Amateur who persists in interfering
w1th our innocent plcasure—the person who
in most cases is oerctcppm? existing laws
governing radio communication, and who,
as it appears, is usually not the type of in-
vestigating, hard working amateur which

(Continued on page 1696)


www.americanradiohistory.com

1622

Radio News for March, 1923

A New Non-(nterfering Detector Tube

This Rectifier With A Liquid Electrode Is As Sensitive As A Standard Tube [n A Regenerative Circuit

R. HAROLD P. DONLE, Chief

Engineer of the Connecticut

Telephone and Electric Company,

has mvented and recently made

public a new type of vacuum tube
which, although acting only as a rectifier,
is as sensitive as an ordinary three electrode
tube used in a regenerative circuit. The
new tube which is a radical departure from
the conveational Triode, employs a liquid
electrode of sodium which is kept warm by
means of a small resistance connected in
series with the filament and fixed on the
glass wall of the bulb as shown in the dia-
gram, Fig. 1.

It has been found that by using the three
element detector in the regenerative cir-
cuit, sensitivity is greatly increased, but if
regeneration is carried more than a certain
pomt, there is produced considerable signal
distortion. Furthermore, the adjustments
are very critical and such a circuit, par-
ticularly in the hands of an inexperienced
operator, creates a great amount of Inter-
terence for other receiving stations.

At the Institute of Radio Engineers
where the new tube was recently demon-
strated Mr. Donle said in his paper: “For
several years we have conducted experi-
ments on many different forms of detectors,
and particularly upon detectors employing
ionization of  metallic atoms. This was a
most promising field of development since
such ionization was found to be readily
controlled and stable. As one of the results
of this work we have developed the present
tube which is the logical result of experi-
mental work which we have done along
these lines. This new tube has none of the
disadvantages of regenerative and gaseous
detector systems above mentioned. Its
method of operation seems to involve many
interesting phenomena, which are radically
different from those occurring in other
tubes.

“The construction of one form of this
tube is illustrated diagrammatically in Fig.
1 where F is the filament, A is the anode,
which may be of metallic sodium in the

|

Fig. 3.—Hook-up of the New Rectifier Tube. Note

the Resistance in Series With the Filament. The

Current Consumption is About the Same as That
of a Standard Tube.

bottom of the tube and H is the heater
which is a short length of resistance wire
cemented to the outside of the glass di-
rectly underneath the anode. This heater
maintains the anode at proper operating
temperature. C is the ‘collector’ electrode
of sheet metal bent into a ‘U’ and posi-
tioned above the filament with its open side
toward the anode. Fig. 2 shows a finished
tube. In operation the tube may be con-
nected to the circuit shown in Fig. 3, which
is simply a two-circuit tuner with one ter-
minal of the secondary connected to the
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Figs. 1 and 2.—Photograph of the New Tube and

Diagram Showing Internal Comstruction. The

Tube Itself and the Resistance Heating the Sodium
Are Enclosed Within Another Glass Bulb.

collector electrode of the tube and the other
to a contact operating on resistance con-
nected directly across the filament battery
terminals. The remainder of the circuit is
as used with any simple detector.”

The adjustment of collector potential is
the only one necessary for efficient opera-
tion other than the usual variation of ca-
pacity and coupling of the tuning circuit.
The potential of the “B” battery is not at

all critical and usually may be varied be- -

tween ten and thirty volts without much
effect on response.

As a detector this tube is remarkably
sensitive, its adjustment is simple, and it is
absolutely stable in operation. This extreme
sensitivity is readily reproducable and per-
menent.

The response secured with this tube in a
plain circuit equals i magnitude the re-
sponse from a regenerator, using maximum
non-oscillating regeneration. A regener-
ative circuit under this condition of critical
adjustment will give very considerable dis-
tortion, which is particularly objectonable
when receiving voice or music and which
can only be eliminated by a reduction of
regeneration and consequent reduction of
signal strength.

On the other hand, the new detector cre-
ates no noticeable distortion, and, as it does
not oscillate over its useful range, it cannot
create any interference with other receivers.
Furthermore, it is unaffected by small ca-
pacity changes, such as those produced by
the operator’s hand in tuning.

The response of the tube is greatly im-
proved by very weak coupling between the
circuits. This is due to its very low input
impedance which also makes the proportion
of capacity and inductance of secondary
circuit for maximum results quite different
from those for other tubes. Although the
new detector can be used successfully in an
ordinary two-circuit tuner, results will fall
short of the maximum unless means are
available for selecting the best value of
secondary inductance,

In this tube there is an electron flow from
the filament to the collector, the magnitude
of this current being due in part to the
relatively large area of the collector and to
its close proximity to the filament. It,
therefore, receives an equivalent of large
electron flow when it is at the same poten-
tial as the negative end of the filament. In
order to reduce this' flow an opposing po-
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tential (which may be taken from the “A”
battery) is introduced into the circuit be-
tween collector and filament. This poten-
tial is called the neutralizing potential and
is used as abcissas of curves shown in Fig.
4, which show the variation in anode and
collector currents /e and /¢ with variation
of neutralizing potential E? and also the
collector current when the anode circuit is
open J¢'. The curve labelled Ic—I¢' is
the difference between the collector current
with the anode circuit completed and opened.
This last curve is interesting in that it ap-
parently takes into consideration various
phenomena concerned in the operation, and
its slope is practically a direct index of the
merit of the tube as a detector.

These curves show some of the funda-
mental characteristics of the tube. The
abrupt bend in the collector current at Egn
=—18 is a point at which maximum de-

. tection would be expected to take place,

according to the usuwal conception of de-
tection as being due to rectification over a
section of the characteristic slope where the
rate of change is large. One would also
gather from this curve that the effect of a
signal impressed would be to increase the
average value of the collector and anode cur-
rents. Although some detection takes place
on this part of the curve, in magnitu